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Cell regulation by signaling ROS (“sROS”) is often incorrectly
studied through extracellular oxidant addition. Recently we used
the membrane-permeable antioxidant Trolox to examine the role
of sROS in mitochondrial morphology, oxidative phosphorylation
(OXPHOS) and cytosolic calcium (Ca2+) handling in healthy
human skin ﬁbroblasts [1]. Trolox treatment reduced the levels of
CM-H2DCF oxidizing ROS, lowered cellular lipid peroxidation and
induced a less oxidized mitochondrial thiol redox state. This was
paralleled by increased glutathione- and mitofusin-dependent
mitochondrial ﬁlamentation, increased expression of fully-assembled
mitochondrial complex I, elevated activity of citrate synthase and
OXPHOS enzymes, and a higher cellular O2 consumption. In contrast,
Trolox did not alter hydroethidium oxidation, cytosolic thiol redox
state, mitochondrial NAD(P)H levels or mitochondrial membrane
potential. Whole genome expression proﬁling revealed that
Trolox did not trigger signiﬁcant changes in gene expression,
suggesting that Trolox acts downstream of this process. Cytosolic
Ca2+ transients, induced by the hormone bradykinin, were of
higher amplitude and decayed faster in Trolox-treated cells. These
effects were dose-dependently antagonized by hydrogen peroxide.
Our ﬁndings suggest that Trolox-sensitive sROS are upstream
regulators of mitochondrial mitofusin levels, morphology and
function [3] in healthy human skin ﬁbroblasts. This information not
only facilitates interpretation of antioxidant effects in cell models (of
oxidative-stress), but also contributes to a better understanding of
ROS-related human pathologies including mitochondrial dysfunction
[2,4,5].
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Earlier studies of mitochondrial ultrastructure by three-dimen-
sional electron microscope tomography established the crista junc-
tion paradigm of inner mitochondrial membrane conformation in
which tubular inner membrane cristae that vary in length among
different “species” of mitochondria connect lamellar cristae with the
inner boundary membrane via crista junctions of uniform diameter.
Although this complex membrane conformation may be a thermo-
dynamically stable one, the uniform crista junction sizes and the
lengths of tubular cristae appears to be sensitive to the presence of
proteins such as OPA1 and ATP synthase. The crista junction
structural model does not hold for certain types of mitochondria or
during some cellular processes such as apoptosis. Through correlated
light and electron microscopic studies, both two- and three-
dimensional, of HeLa cells during asynchronous apoptosis, we have
characterized some structural changes that occur during release of
cytochrome c. Most notable is the conversion of the normal inner
membrane into many separate vesicular matrix compartments. This
structural change does not, however, appear to be required for
complete release of cytochrome c, but does provide clues to the
possible topological mechanism of inner membrane ﬁssion and fusion
and to the physical parameters that control mitochondrial inner
membrane conformation.
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